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USCG R&D Center Conducts
Research inTactical Oil Spill |

By Gary L. Hover

Tactical oil spill sucvelllance technology can
provide information that helps cleanup forces do a
more efficient job. Types of tactical information
required include the location(s) of cit within an
area of immadiace laterast, slick thickneys, and
state of oil weathering. Accurnte tactica)l
information can be used 1o direct oil skimming
opecations and to help determine what alternative
countermeasurey, such as dispersing application
and in-situ burning, may be epproprinte. Ideally,
tactical oil spill sensors should be readily '
avallable to provide renl-time lofocrmation in a day/
night, all-weather operating eavironment,

Since 1991 the R&D Center bhas been
conducting research in a variety of oil spill
surveillance technologies. Two of these
technologies, infrared (IR) imaging and microwave
radiometry, are of particular laterest to the
problem of Improviag the USCG"s tactical spilt
surveillance capabtlirles. These technologies
cover both onds of the “technical risk” spectrum.
At one end of this spectrum is proven,
commerciaily-availabic IR imaging technology.
[ofrared Imagers are alrendy being used to support
Coast Guard oil spiil respoase operations and
need only be refined to improve thelr utility in this
mission. At the other end of the spactrum is a
new device called the frequency scanning
microwave radiomeler, or FSR. The FSR measures
radio-frequency energy from oll-covered water
and analyzes this signal to determine how thick
the oil layer is. Looking to the future, it is
possible that one day these two senzor
technologies could be combined into an
. affordable tactical oil spill surveiilence system
that provided better information than could either
sensor operating alone.

INFRARED EVALUATIONS
Much like the personal computer industey,
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makecs of infrared imagets have substantially
improved their products in recent years. It Is now
possible to purchase e wide variety of compact,
lightwelght portable IR imagers off the shelf. These
iroagers, which con be used to observe oil spills from
almost any aircraft of opportunity, can greatly
improve the timeliness and officiency of Coast Guard
oil spill response by maklag it possibte to track oil
slicks and dicect cleanup operations at night, even If
IR-equipped Coast Guard aircraft are unavailable.
Under these circumsiances, the challcage for the
R&D Center was in identilylng the specific types of
portable [R sysiems that would best supplement the
Coast Guard's limited sumber of forward-looking
Infcared (FLIR)- equipped aiccrafy in the tactlcal spil}
survelllance role. ‘Equally important was the need to
understand how reliably (R devices can detect oil, to
determine what other substances might appear -
simitac 10 oil in IR imnges. and to identify sensor
design and operator truining issues that needad to
be addressed.

Two fleld evaluations conducted by the R&D
Center have compared the imaging capabilities of
several commercially-available, hand-held IR senzors
to those of die Coust-Guard's sircraft-installed
FLIRs. The first was conducted in May 1993 ata
military base in Ontarlo, Canada. Thiz experiment,
hosted by Environment Canadn, offered an
opportuoity for the Coast Guacd to cest thres of itg
infrared-equipped aircraft and thees portable IR !
sysiens against known oil slick targets in a ,
specially-constructed outdoor tested. The second
field test was conducted in November 1994 over the
naturally-occurring oll seeps off Santa Berbara,
California. Duriog this second field test s Const
Guard helicopter {lew over the oil seeps and fmaged

- them with its own installed FLIR system while four

hand held (R imagers were operated in shifts from an
open side door,

After the May 1993 experiment the Bighth
Const Guard District (New Qrisans, Loulsiana area)
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purchased u portable IR imager o use and evaluate
during actual spiil response operations. A vecy
notable spiit at which this system wes employed was
the MORRIS J, BERMAN tank barge gronnding of f
San Juan, Perto Rico in January 1994. The nighulme
image shown in figure | depicts oll escaping from the
grounded barge, with the ¢il appesring cooler then
sea water In the black is the hot [R imege. Pumps
tunning topside on the barge deck appear as bot
objects, Since then, use of portabls IR imagers for
tacticnl oil spill surveillance has grown considarably
within the Coast Guard, and new equipment has been
purchased by many Coast Qunrd districis {or this
purpose. :

Another example of the USCG's use of IR for
tactical surveillance is taken from an oil spill that
occurred on the Delaware Riverneor Philadelphla,
Pennsylvania inJuly 1994. AUSCQHH-601
helicopter with its gimbat-mounted FLIR 2000 system
was dispatched to provide night surveillance of the

spill. Figure2, obtaioed at 0230 local time, shows an '

Niphtime buage of il escaping from grownded wmk berye.
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IR view of the leaking tanker vessel KENTUCKY
moored at a pler with irs associated ail slick flowing
down river. Without the aid of the FLI{R-equipped
helicopter. respanse units would not have been able
to monitor the extent and movement of this spill uatil
after daybreak.

In addition to evatuating the newest porable
IR eechnology, & side benefit of this project hos been
to develop a better undecstanding of the oil spill
survelllance capabilities aiceady offered by the
USCG's existing alrborne FLIR resources. Equally
Important ate the operator traiaing issues and Imager
design factors that were identified and documented
as a result of this work,

FSR DEVELOPMENT AND TESTING

The FSR project axpiores an innovazive
concept in passive microwave radlomerer design that

Figura 1
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involves scanning & wide frequency band to improve
the accuracy of ol slick thickness estimation. This
sensor design, referred to a5 a frequency.scanning

radlometer or FRS, also provides data that may prove

useful in estimating the dagree to which aa oil slick
has emulsified due to weathering. The design is an
improvement over past radiometer systems which
observed microwave signals at only ond to three
fixed frequencles. Whereas, fixed-frequency
radiomerecs are very susceptible to measarament
errors, the FSR requires only reasonabls accuracy
tnd a siraight{orward curvs fitting procedure to
determine the thickness of uniform oit layers. Unlike
the portable infrared imagers, however, the FSR
concept is unique and reprasenis 1 completely aew
instrument design that is noc now commercially
available,

In 1992 the R&D Centec contracted with the
Massachusetts Institute of Technology (MIT)
Lincoln Laboratory to develop and laboratory test

the FSR concept for measuring oil slick thickness. A
laboratory prototype FSR operating in the 26 10 40
QGHz band was built aad initially cested with severa}
types of oil at various uniform layer chickness.
Figure 3 shows s photograph of the labocatory
protorype FSR slong with a schematic dlageam for
the instrument and a sample data plot. As illustraied
infigure 3. these uniform-layer measucements
matched very well with theoreticg] predictions,
prompting additional measutements with ngg-
uniform oil layets and watet/oil emulstons. Many of
the non-uniform oil layer measurements appeared to
reflect as aversge of the layers pregent within the
FSR antenna footprint. As expected, emulsions and
non-homogeneous oil layers tended to couse &
general rise in brightness temperature 4cross the
entirs FSR band. providing an indication of
weathered oil, The laboratory phasc of FSR testing
was successful encugh to warrant larger-scale
measureémenis in s wave tank.

Continxed

Flgure 2

Night IR iusage of ol slick mear TN KENTUCKY on the Delowar River

Proceedings of the Marine Safety Councll — July-September 1996 Fage 55



JAN-28-97 TUE 14:15

HAR ROCKVILLE

FAX NO. 3017702680 P05

Labgrasacy prototype FSR with sample daia plot

In October 1994, he FSR was cuggedized,
cepackaged, and brought to the Oly and Mazardous
Mateiials Environmental Test Tank (OHMSEI'T)
facility in New Jersey for a two-week data acquisition
expcriment. A-voriety of petroleurn products runging
from diesel fuel to crude oil and emulsi as were
measured ot vorious thickness and simulated sen
slates. Analysis to the expariment data indicates
good agreement with the Irboratory results under
talm conditions, but improvements will be nceded to
produce rellab & results in the presence of waves.,
More development and testing wili be requircd to
fully determine the operational utility of the FRS
concept, '

F UTUH.E DMRECTIONS
o

While IR technology is alrzady proven and
commercialiy available, improvemeats could be made

| I
TOFARQUENCY (GH2,

Figure 3
to the Coast Cluard's sxisting portuble imugers that
would make them much easier to use in the dynamic

drboens enviconment, New, uncooled [R detectors
are becoming avaituble that can substantially reduce
the size, weight, cost und power consumption of
portable I image~s. These shuuld be evaluated by
the various operational Const Guord programs that
could benefit from widespread availobility of portable
night imnging technology. Improved methods of
annciating the image dola and tronymitting it to the
user would also be beneficial, Trainling is needed to
ptovide sensor opecators and end-users with the
skills required to accurately interpret IR Imagery and
discriminate false targets from those of genuine
mission interest,

FSR:

An operationally-practical FSR would requirs
much faster data acquisition speed to keep pace with
a moving aircralt. A faster instrument has been
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designed bur has not yet been buile or tested, An
operational FSR would also lkely need & second
channel at higher frequencies 10 more effectively
distingulsh among oil thickness from a few tenchs of
a millimeter to 3 mm. The issue of what spatial

~ resolution is required In the oil thickness data is one

that requires coordinarion between the sensor
designer and spill response operations personnel.

Intagration: '

Assurning that an operationally-viable FSR can
be constructed, how might one be integrated with IR
sensors to provide a more robust tactical eil spill
surveillance capability? A simple sirategy would
involve usiag a grumbled, gyrostabilizer FLIR 1o
guide an FSR-equipped nircraft to 0i! slick areas of
interest. A second IR imager would then provide a
strip-map to the sod-user which could be anaotated

with importanc mission data and thickness profile
informatian obrained from the FSR and infrared
greyscale measurements. This hybrid product would
provide tesponse units with a more completed
tactical picwire than can now be delivered. The

challenge is to put the concept into practice!
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